Introduction {#Sec1}
============

Airways infections in patients with cystic fibrosis (CF) may deteriorate their lung function, particularly those involving *Pseudomonas aeruginosa* \[[@CR1]\]. The early detection of this pathogen is fundamental, because its phenotypic changes and the exacerbated inflammatory response across the time render its eradication more difficult \[[@CR1]--[@CR5]\].

At the pediatric CF outpatient clinic at Lausanne University Hospital, the first detection ever or the reacquisition of *P. aeruginosa* after a minimum of 6 months and at least three negative bacterial cultures was defined as "primoinfection" and was treated with inhaled tobramycin and oral ciprofloxacin over 3 months. To our knowledge, this is one of the longest therapeutic interventions described \[[@CR6]--[@CR11]\]. With this study, we wanted to determine if a longer protocol brings benefits in terms of eradication.

Main text {#Sec2}
=========

Method {#Sec3}
------

### Intervention {#Sec4}

We treated *P. aeruginosa* primoinfections with three consecutive cycles of 28 days of inhaled tobramycin (TOBI^®^ by Novartis or Bramitob^®^ by Chiesi; 300 mg BID), with oral ciprofloxacin (Ciproxin^®^ by Bayer; 30 to 40 mg/kg/day in two doses, maximum 1500 mg/day) during the first and last 21 days of the protocol (Fig. [1](#Fig1){ref-type="fig"}). We evaluated the efficacy after a 6 months follow-up (3 months of therapy, 3 months post-therapy) by a multidisciplinary team (physicians, physiotherapists, dieticians, CF nurse, social worker and psychiatrist), with collection of minimum three bacterial cultures (the latest always at the end of the follow-up). A success in eradication was defined by negative cultures for *P. aeruginosa* during the whole follow-up. A failure in eradication was defined by at least one positive culture for *P. aeruginosa*. In this case or by deterioration of clinical conditions of our patients, other therapeutic options were evaluated (for instance, intra-venous antibiotic treatment).Fig. 1Eradication protocol and follow-up

### Outcomes {#Sec5}

Determination of the eradication rate of our eradication protocol. Calculation of mean ages, assessment of symptoms and methods used to obtain the cultures at the primoinfection. Analyze of the evolution of the lung function and the anthropometric parameters, comparing the best values in the 6 months before the primoinfection and during the 6 months after the initiation of the eradication protocol. Assessment of most common bacterial coinfections at the primoinfection and at the end of the follow-up.

### Design {#Sec6}

Retrospective study in the pediatric CF outpatient clinic at Lausanne University Hospital. In a preliminary study in 2011, we analyzed data from 20 primoinfections treated with our eradication protocol since June 1st, 2007, eradication rate of 80%. To confirm this result, according to the size of our outpatient clinic (about 60 patients), we estimated a minimum needed of 49 primoinfections (confidence interval 95%, margin of error 5%) to gather till December 31st, 2015. Pediatric outpatients (up to 18 years old), with a confirmed diagnosis of CF (by a positive sweat test and/or two disease-causing mutations) and with *P. aeruginosa* primoinfections were included. Patients with *P. aeruginosa* primoinfections not exactly treated according to the protocol, with an initial intra-venous antibiotic course followed by the protocol or with incomplete data sets were excluded.

### Data {#Sec7}

Sex, common symptoms and age at the primoinfection diagnosis, diagnostic methods used to obtain the cultures, forced expiratory volume in 1 s (FEV1), body mass index (BMI) and data about the most common bacterial coinfections were collected in a FileMaker Pro 15 database. Statistical analysis with Xlstat-Biomed 19.5 and Microsoft Excel 2016. According to the data distribution (normal or not), we used parametric (T test) or non-parametric (Mann--Whitney, Wilcoxon or McNemar) tests.

Primary outcome {#Sec8}
---------------

Our study included 28 patients (11 females, 17 males), with total of 49 primoinfections. 33 primoinfections successfully treated, with an overall success rate of 67.3% (confidence interval 54.2--80.4%). Success rate of 78.9% for the girls and 60.0% for the boys, statistically different (p = 0.006, McNemar). However, mean number of primoinfections between the girls (1.727) and the boys (1.765) not statistically different (p = 0.789, Mann--Whitney).

In the success group, 2 patients had 2 primoinfections, 2 patients had 3 primoinfections. Moreover, 3 patients had 2 primoinfections successfully treated and 1 failure in eradication. In the failure group, 1 patient had 4 primoinfections.

Secondary outcomes {#Sec9}
------------------

### Mean ages {#Sec10}

9.3 years in the success group (SD 4.5 years) and 9.1 years in the failure group (SD 3.7 years), no statistical difference (p = 0.842, T test) (Table [1](#Tab1){ref-type="table"}). According to the sex, 10.1 years (SD 4.6 years) for the girls and 8.3 years for the boys (SD 4.1 years), no statistical difference (p = 0.290, T test).Table 1Secondary outcomesSuccess groupFailure groupPrimoinfections \[n\]3316Age at diagnosis \[years\]9.39.1p value 0.842 (T test)Symptoms at diagnosis \[%\]81.887.5p value 0.118 (McNemar) Cough \[%\]*66.787.5* Upper respiratory tract infect. \[%\]*39.425.0* Dyspnea \[%\]*3.012.5* Fever \[%\]*3.012.5*Diagnostic methods \[%\] Sputum samples69.775.0 Oropharyngeal swab30.325.0p value 0.831 (McNemar)Diagn.Follow-upDiagn.Follow-upFEV1 \[%\] Mean107.7107.8104.799.1 Median10310310499.5 p value0.772 (Wilcoxon)0.312 (T test)BMI \[kg/m^2^\] Mean16.316.616.917.1 Median15.816.016.616.2 p value0.024 (Wilcoxon)0.083 (Wilcoxon)Among symptomatic patients, distribution of most frequent symptoms. A patient may have more than one symptom (in italics)

### Symptoms {#Sec11}

27 patients in the success group (81.8%) and 14 in the failure group (87.5%) were symptomatic at the primoinfection diagnosis, no statistical difference between the groups (p = 0.118, McNemar). Some patients had more than one symptom (Table [1](#Tab1){ref-type="table"}).

### Diagnostic methods {#Sec12}

Material for *P. aeruginosa* cultures was gathered in the majority of the cases through sputum samples, then through oropharyngeal swabs. No other methods were used (for instance, bronchoalveolar lavage). No significant difference between these two methods (Table [1](#Tab1){ref-type="table"}).

### Lung function evolution {#Sec13}

We didn't observe any significant changes in the mean FEV1 value before and after the eradication protocol (Table [1](#Tab1){ref-type="table"}).

### Anthropometric evolution {#Sec14}

We observed an increase of the mean BMI value before and after the eradication protocol for the two groups, not statistically significant in the failure group (Table [1](#Tab1){ref-type="table"}).

### Bacterial coinfections {#Sec15}

The physiological oropharyngeal flora was evidenced in most of the primoinfections through the study. The co-pathogen observed most frequently at the primoinfection was *Staphylococcus aureus* (methicillin sensitive), followed by *Haemophilus influenzae* and *Stenotrophomonas maltophilia*. At the end of the follow-up, we noticed a non-statistically significative diminution of these pathogens and a non-statistically significative emergence of *Achromobacter xylosoxidans* and *Streptococcus pneumoniae* in the success group. Some other co-pathogens were rare and classified as "other". Their incidence didn't vary through the study (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Bacterial co-infections

Discussion {#Sec16}
----------

Our retrospective study demonstrated that a 3 months' therapy in case of *P. aeruginosa* primoinfections brings no extra benefits in terms of eradication. Our overall success rate was 67.3%. We noticed a significant difference between the girls (78.9%) and the boys (60.0%), attributed to a better compliance of the girls.

The definition of successful eradication, the duration of inhaled therapy, the addition of oral ciprofloxacin and the nature of follow-up remain matter of debate \[[@CR12]\]. In the United States, the CF Foundation recommends 28 days of inhaled tobramycin \[[@CR13]\]. About the duration of the inhaled therapy, Ratjen et al. assessed the time to recurrence of *P. aeruginosa* after 28 or 56 days of inhaled tobramycin. It was similar in the two groups (26.12 months with 28 days and 25.82 months with 56 days). At the end of the study, 66% of patients were free from *P. aeruginosa* with 28 days and 69% with 56 days \[[@CR7]\]. Gibson et al. assessed the *P. aeruginosa* eradication from the lower airways after 28 or 56 days of inhaled tobramycin, with different times of follow-up. It was similar in all groups---globally 75% \[[@CR6]\]. Most recently, Blanchard et al. analyzed a three-steps eradication strategy. In asymptomatic patients with new onset of *P. aeruginosa*, the eradication rate was 76.9% after a first cycle of 28 days of inhaled tobramycin. Successive steps could improve the eradication rate \[[@CR11]\]. The use of oral ciprofloxacin was assessed by Treggiari et al. They compared four different regimens that combined cyclic or culture-based inhaled tobramycin, with oral ciprofloxacin or a placebo for 14 days. 17 patients of 133 were *P. aeruginosa* positive at the end of the study in the ciproxins' group and 12 of 134 in the placebos' group \[[@CR8]\]. The use of inhaled tobramycin vs colistin was addressed by Taccetti et al. and Proesmann et al. \[[@CR9], [@CR10]\]. The first study analyzed the efficacy of 28 days of inhaled tobramycin or colistin, with oral ciprofloxacin. Success in eradication was defined by successive negative cultures in 6 months and was similar among the groups (colistin 62.8%, tobramycin 65.2%) \[[@CR9]\]. The second study compared 3 months of inhaled colistin and oral ciprofloxacin to 28 days of inhaled tobramycin. At the end of the treatment, the eradication rates were similar among the groups (colistin and ciprofloxacin 89.7%, tobramycin 79.3%) \[[@CR10]\]. For the studies that assessed the eradication rates \[[@CR6], [@CR9]--[@CR11]\], they were similar or even better than ours (67.3%). Most of these pediatric studies used shorter inhaled therapies \[[@CR6]--[@CR9], [@CR11]\]. One of them demonstrated that the use of oral ciprofloxacin brings no extra benefits \[[@CR8]\]. Others showed that the use of inhaled tobramycin or colistin is equivalent \[[@CR9], [@CR10]\]. These findings are fundamental, because reducing the duration of the inhaled therapy, avoiding to give oral ciprofloxacin, having the choice between tobramycin and colistin, could increase the compliance of patients, decrease the risk of side-effects and last but not least the costs of the therapy. As a consequence, we decided to reduce our eradication protocol to 1 month of inhaled tobramycin or colistin. However, according to the guidelines of the Swiss Working Group of Cystic Fibrosis, our patients are still treated in association with oral ciprofloxacin \[[@CR14]\].

Our analysis of secondary outcomes revealed no significant difference between groups in terms of age, as reported in a previous study (studies) \[[@CR7]\]. Most of our patients were symptomatic at the time of the diagnosis. In a (some) previous study (studies), patients with acute lung disease were excluded \[[@CR7]\]. The material used to derive *P. aeruginosa* cultures was gathered in the majority in the form of sputum samples. Bronchoalveolar lavage as a "gold standard" for identification of lower respiratory tract infections in patients with cystic fibrosis was recently discussed \[[@CR15]--[@CR18]\]. The results obtained with bronchoalveolar lavage are similar to those obtained with induced sputum \[[@CR19]\]. In addition to the technical issues of bronchoalveolar lavage (general anesthesia in children), samples obtained vary greatly, depending on localization within the lungs \[[@CR20]--[@CR22]\]. As reported previously, evaluation of the lung function (FEV1) before implementation of the eradication protocol were similar to those obtained after its completion \[[@CR7]\]. We noticed an increase in BMI over the course of the study, but not statistically significant because of the failure group. Regarding the co-pathogens, one study showed that bacterial co-infections at the time of primoinfection were not a risk factor for failed eradication \[[@CR11]\]. The co-pathogens observed most frequently at the primoinfection diagnosis were *S. aureus* and *H. influenzae*. This observation is similar to findings reported previously \[[@CR6]--[@CR9]\]. In our study, *S. maltophilia* was the third most frequent pathogen identified at the primoinfection diagnosis. However, previous studies reported its identification during the follow-up \[[@CR8], [@CR9]\]. We observed the emergence of *A. xylosoxidans* and *S. pneumoniae* in some cases, but this trend was not statistically significant.

Conclusion {#Sec17}
----------

The overall eradication rate of *P. aeruginosa* primoinfection with use of our 3 months' protocol was 67.3%. This figure is similar or even inferior to those reported previously, despite our study's use of a longer duration of inhaled therapy with tobramycin as well as combination treatment with oral ciprofloxacin. These findings elucidate the nature of patient compliance, side effects and economic considerations.

Limitations {#Sec18}
===========

Small sample size and retrospective design of our study, that prevented a stratification of our patients and risk to draw general conclusions for bigger cohorts followed in CF centers across the world. However, our conclusions are supported by other studies which use shorter protocols \[[@CR6]--[@CR9], [@CR11]\].Comparison across studies is difficult because of methodological discrepancies and lack of standardized definitions.During the 6 months' follow-up, patients are grouping according to the result of their *P. aeruginosa* cultures. Keeping outpatients in a positive cohort for such a long time can lead to cross-infections.No genotyping of *P. aeruginosa*, in order to separate precisely a new primoinfection and the persistence of the pathogen.
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